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(54) Radiation therapy niachine using adaptive imaging 



(57) A radiation therapy machine enabling aligning 
of a patient for radiation treatment based on an earlier 
tomographic scan of the patient uses projection images 
used to reconstruct a tomographic Image rather than re- 
constructed images. The machine compares the projec- 



tion images directly to projection images taken -at the 
time of the radiation therapy to determine a series of 
offsets of the patient which may be used to characterize 
and correct for motion of the patient between the initial 
tomographic scan, used for treatment planning, and one 
or a series of subsequent radiation treatment sessions. 
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Description 



This invention relates generally to radiation therapy 
equipment for the treatment of tumors, or the like, and 
specifically to a computerized method for aligning a pa- 
tient with a previously prepared radiation treatment plan. 

Medical equipment for radiation therapy treats tu- 
morous tissue with high energy radiation. The amount 
of radiation and its placement must be accurately con- 
trolled to ensure both that the tumor receives sufficient 
radiation to be destroyed, and that the dannage to the 
surrounding and adjacent non-tumorous tissue is mini- 
mized. . 

In external source radiation therapy, a radiation 
source external to the patient treats internal tumors. The 
external -source is normally collimated to direct a beam 
only to the tumorous site. The source of high energy ra- 
diation may be x-rays, or electrons from linear acceler- 
ators in the range of 2-25 MeV. or gamnna rays from 
highly focused radioisotopes such as a Co^^ source 
having an energy of 1 .25 MeV. 

Typically the tumor will be treated fronn several dif- 
ferent angles with the intensity and shape of the beam 
adjusted appropriately. The purpose of using multiple 
beamS: which converge on the site of the tumor is to 
reduce the dose to areas of surrounding non-tumorous 
tissue. The angles at which the tumor is Irradiated are 
selected to avoid angles which would result in irradiation 
of particularly sensitive structures near the tumor site. 
The angles and intensities of the beams for a particular 
tumor form a treatment plan for that tumor. 

One highly accurate method of controlling the dose 
to a patient employs a radiation source that produces a 
fan beam composed of many individual rays whose in- 
tensity may be independently controlled. The fan beam 
orbits the patient within a plane illuminating a slice of 
the patient, while the intensity of each ray of the fan 
beam is modulated as a function of that angle. By prop- 
erly selecting the beam intensities at different angles, 
complex regions within the slice may be accurately irra- 
diated. U.S. Patent 5.317.616, issued May 31=1994 and 
assigned to the same assignee as the present applica- 
tion, describes the construction of one such machine 
and one method of calculating the necessary beam in- 
tensities as a function of angle. 

In order to take advantage of the improved accuracy 
in dose placement offered by such radiation therapy 
systems, the radiation treatment plan may be based on 
a computed tomography ("CT") Image of the patient. As 
is known in the art, a CT Image is produced by a math- 
ematical reconstruction of many projection images ob- 
tained at different angles about the patient. In a typical 
fan beam CT acquisition, the projections are one-dimen- 
sional line images indicating the attenuation of the fan 
beam by a "slice" of the patient. After reconstruction of 
the two-dimensional tomographic image of the slice, the 
projection data, which by itself is unintelligible, is no 
longer used or accessed by the user. 



Using the CT image, the radiologist views the tu- 
morous area and determines the. beam angles and in- 
tensities (identified with respect to the tumor Image) 
which will be used to treat the tumor. In an automated 
5 system, a computer program selects the beam angles 
and intensities after the physician identifies the tumor- 
ous region and upper and lower dose limits for the treat- 
ment. 

Normally, the CT image of the patient is acquired 
10 substantially before the radiation treatment to allow time 
for the treatment plan to be prepared. As a result, the 
patient will have moved in position in between the time 
of the CT image acquisition and the radiation treatment.- 
This will also be true in cases where the treatment oc- 
15 curs during a number of different treatment sessions 
over time. 

Uncertainty in the positioning of the patient with re- 
spect to the original CT image can defeat much of the 
accuracy gains expected from the use of a CT image for 
20 treatment planning. 

The present invention provides a method of correct- 
ing for patient misalignment between the time of a plan- 
ning CT image and radiotherapy by comparing one or 
more radiographic projections taken of the patient im- 
25 mediately prior to the radiotherapy to selected ones of 
the projections underlying the planning CT image. By 
using the raw projection data from the CT image, rather 
than the reconstructed imagejtself , the comparison can 
be made rapidly and without additional time consuming 
30 tomographic reconstructions. Linear displacements, ro- 
tations and twisting of the patient (henceforth collective- 
ly termed "movement"), all may be detected and com- 
pensated for either by modifying the radiation treatment 
plan or repositioning the patient. 
35 Specifically, the method obtains a planning tomo- 
graphic projection set of the treatment volume in the pa- 
tient. A later confirmation projection set of the treatment 
volume is also obtained of the patient having a second 
position. An electronic computer produces a radiation 
40 treatment plan from the planning tomographic projection 
set, the treatment plan describing at least one orienta- 
tion of a radiation beam with respect to the patient which 
provides a desired treatment of the patient. The compu- 
ter also receives the confirmation projection set (typical- 
45 ly at a later time) then compares radiographic projec- 
tions from the planning tomographic projection set to ra- 
diographic projections from the confirmation projection 
set to determine a displacement of the patient between 
the first position and the second position. The treatment 
so of the patient is then changed according to the displace- 
ment determined by the electronic computer. The com- 
parison of projections may be a simple correlation be- 
tween projections along given axis. 

Thus, it is one object of the invention to. provide a 
55 method of accurately registering a previously prepared 
treatment plan with a patient at the time of radiation 
treatment, where the method makes direct use of radi- 
ographic projections rather than a reconstruction of vol- 
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umes from those projections,, the latter.of which would 
interpose additional delay in the treatment process. 

ft is another object of the invention to limit the need, 
at the time of radiation therapy, to obtain full tomograph- 
ic projection sets of the patient such as would be nec- 
essary to compare tomographic images. The ability to 
directly compare projection data allows a limited number 
of projections to be taken of the patient. For example, a 
single projection along each of the x, y and z-axis may 
accurately determine ah x. y and z offset. 

It is another object of the invention to provide a reg- 
istration method which can accommodate complex 
combinations of rotation, translation and twisting of the 
patient. The projections compared between the plan- 
ning and confirmation projection set may be single pro- 
jection lines obtained by a fan beam. Multiple compari- 
son of multiple lines provide a series of different offsets 
which may be analyzed as a whole to detect complex 
changes In the patient position. 

The foregoing and other objects and advantages of 
the invention will appear from the following description. 
In the description references made to the accompanying 
drawings which form a part hereof and in which there is 
shown by way of Illustration, the preferred embodiment 
of the invention. Such embodiment does not necessarily 2S 
represent the full scope of the invention, however, and 
reference must be made therefore to the claims herein 
for interpreting the scope of the invention. 

Fig. 1 is a perspective, cut-away view of a radiation 30 
therapy system providing for the acquisition of radi- 
ographic projections and for the generation of high 
energy radiation therapy beams and showing a pa- 
tient table for supporting a patient thereon; 
Fig. 2 is a simpliifled view of a slice of an object, such 35 
as a patient, showing line projections of the object 
taken at two angles q, with attenuations A along di- 
mension t Indicated in the vertical axis of each pro- 
jection; 

Fig. 3 is a sinogram formed of multiple line projec- 
tlons such as those acquired in Fig. 2, over 360 de- 
grees of angle q with the attenuation of the projec- 
tions Indicated by shading; 

Fig. 4 is a perspective view of a simplified object 
that may be scanned showing a helical and slice- 4s 
by-slice scanning path; 

Fig. 5 Is a set of sinograms of the object of Fig. 4 
such as may be obtained in a slice-by-sllce scan- 
ning; 

Fig. 6 is a sinogram of the object of Fig. 4 such as so 
may be obtained in a helical scan; 
Fig. 7 Is an imaged object similar to that of Fig. 2 
having a uniform cross section and positioned 
above a simplified sinogram of that object; 
Fig. 8 Is a figure similar to Fig. 7 showing the same . ss 
object displaced to the right with respect to the cent- 
er of the scan and showing the change In the sino- 
gram caused by that shift; 



Fig. 9 is a figure similar to Fig. 7 showing the same 
object displaced upward with respect to the center 
of the scan and showing the change in the sinogram 
caused by that shift; 

Fig. 1 0 is a figure similar to Fig. 7 showing a simpli- 
fied representation of an arbitrary imaged object 
and its sinogram with perpendicular projections 
marked with arrows; 

Fig. 11 Is a figure similar to that of Fig. 1 0 showing 
the object given an arbitrary displacement and 
showing an identification of a section of its sinogram 
corresponding to the sinogram of Fig. 1 0; and 
Fig. 12 is a flow chart depicting the principle steps 
in the method of the present invention. 

Referring now to Fig. 1 . a radiation therapy machine 
10, suitable for use with the present invention, includes 
a radiotranslucent table 1 2 having a cantilevered top 1 4. 
The table top 14 is received within a bore 18 of an an- 
nular housing 20 of the machine 10 with movement of 
the table 1 2 along tracks 16 extending along a z-axis of 
a Cartesian coordinate system 22. 

Table 12 also includes an Internal track assembly 
and elevator (not shown) to allow adjustnrient of the top 
1 4 In a lateral horizontal position (indicated by the x-axis 
of the coordinate system 22) and vertically (indicated by 
the y axis of the coordinate system 22). Motion in the x 
and .y directions are limited by the diameter of the bore 
18. 

A rotating gantry 24, coaxial with the bore 18 and 
positioned within the housing 20, supports an x-ray 
source 26 and a high energy radiation source 28 on its 
inner surface. The x-ray source 26 and a radiation 
source 28 rotate with the gantry 24 about a center of 
rotation 64 near the top of patient table 1 2 when the table 
top 14 is positioned within the bore 18. 

The x-i-ay source 26 is colltmated to produce a fan 
beam 30 lying generally within the x-y plane and cross- 
ing the bore 18 and thus the table top 14 when table top 
14 is positioned within the bore 18. The fan beam 30 
diverges about a central axis 31 whose angle Is control- 
led by the position of the gantry 24. The axis 31 will 
henceforth be termed the projection axis. 

After exiting the table top 14, the fan beam 30 is 
received by a linear array detector 32 positioned diamet- 
rically across from the radiation source 28, Thus, the ro- 
tating gantry 24 permits fan beam radiographic projec- 
tions of a patient on the table top 14 to be acquired at a 
variety of angles q about the patient. 

The radiation source 28 is mounted so as to project 
a fan beam of high energy radiation 34, similar to the 
fan. beam 30, but crossing fan beam 30 at right angles 
so as to be received on the other side of the gantry 24 
by radiation detector and stop 36. The fan beam of high 
energy radiation 34 diverges about a radiation axis cen- 
tered within the beam and perpendicular to the projec- 
tion axis 31. 

The radiation source 28 has a collimator 38 mount- . 
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ed in front of it to divide the fan beam of high energy 
radiation 34 into multiple adjacent rays whose intensity 
may be individually controlled. A collimator of this type 
is described in U.S. Patent 5,317,616 assigned to the 
assignee of the present case and hereby incorporated 
by reference: The location of the radiation source 28 and 
x-ray source 26 are precisely characterized so that im- 
ages obtained from the radiation source 28 may be used 
to aim the radiation source 28. 

A computer 40 having a display screen 42 and user 
entry mouse and keyboard 44 well known in the art is 
connected to the radiotherapy machine 10 to control 
motion of the table 1 2 and to coordinate operation of the 
gantry 24 together with the radiation source 28 and x- 
ray source 26 and to collect data from the linear array 
detector 32 during a scan of the patient according to 
methods well known in the art. 

Referring now to Fig. 2. a slice 50 of an imaged ob- 
ject taken along the x-y plane includes a low attenuation 
material 52 having two Inclusions 54 of high attenuating 
material. Radiation passing along beam axis 31 through 
the slice 50 (at a vertical or anterior/posterior angle 
("AP")) produces a projection 56 which records the at- 
tenuation of x-rays passing through to slice 50 along a 
single line perpendicular to the beam axis 31 . The dis- 
tance along this perpendicular to the projection axis is 
. designated: t. The inclusions 54 may be resolved sep- 
arately at the vertical angle and hence two attenuation 
peaks 58 are present in the projection 56. 

In contrast at a second projection along a projection 
axis 31 ' at an angle q from vertical., the inclusions 54 are 
aligned so that the projection 56' shows a single atten- 
uation peak 58'; 

Referring now to Fig. 3, projections at a different an- 
gle q over 360 degrees, may be combined to form a sin- 
ogram 60 which is stored temporarily in computer 40 as 
a matrix of data. As depicted, this matrix of data is ar- 
ranged with each row representing a different angle q 
and each column a different distance t along the projec- 
tion. Values of attenuation, stored as numeric values in 
the computer 40, are shown as shaded cun/es 62. 

As is well understood in the art, a sinogram having 
t values spanning the largest cross sectional width of an 
imaged slice 50 and q values over 360 degrees is suf- 
ficient to reconstruct a tomographic image of the slice 
through, for example the method of filtered back projec- 
tion. Such a collection of projections will be termed a 
tomographic projection set. The pattern of the sinogram 
60 is generally that of superimposed sinusoidal cun/es 
62 (hence the name) each curve 62 having a fundamen- 
tal period in q of 360 degrees as a result of the apparent 
movement of inclusions 54 in orbit about a center of gan- 
try rotation 64 as projections are taken at various angles 
q. Generally, objects toward the axis of rotation 64 of the 
gantry trace smaller amplitude sine curves whereas in- 
clusions 54 further from the center of rotation 64 trace 
greater amplitude sine cun/es. The phase of the sine 
curves depends generally on the initial position of the 



inclusion 54 with respect to the first projection at q = 0. 

In a conventional CT acquisition, the sinogram 60 
of Fig. 3 is reconstructed into a tomographic image of 
the slice 50 and then the sinogram 60 is discarded. 
5 The sinogram representation of Fig. 3 may equally 
represent a radiation treatment plan in which the values 
at each location (t,q) in the sinogram 60 represent not 
an attenuation of x-ray radiation, but the strength of one 
of the multiple adjacent rays of the fan beam of high en- 
10 ergy fan beam 34 transmitted through the patient. As 
discussed in U.S. Patent 5.317.616. referred to above, 
such control of a high intensity radiation beam according ^ ' 
to a sinogram 60 may be had by means of collimator 38 , 
under control of the computer 40 (shown in Fig. 1) and , 
IS can very accurately. deposit dose within a patient. 

For example, if the inclusions 54 of Fig. 2 were tu- 
mors, a radiation treatment plan might well conform gen- 
erally to curves 62 which would produce beams of high 
Intensity radiation that would intersect at the inclusions 
20 54 at a variety of different angles q to produce a high 
cumulative dose at the inclusions 54 but low dose else- 
where. 

Referring again to Fig. 1 , it follows that the tomo- 
graphic image produced from the sinogram 60 may be 
25 employed to establish a radiation treatment plan pre-" 
cisely related to that tomographic image. U.S. Patent 
Application No. 08/477,055 filed June 7, 1995, hereby 
incorporated by reference, describes generally an inter- 
active method for generating a treatment plan in the 
30 form of a sinogram 60 based on a tomographic image. 

Referring now to Fig. 4, in a "slice-by-slice" acqui- 
sition the imaged object 51 is divided into a plurality of 
slices 70 separated along the z-axis and the acquisition 
of projections is obtained with the beam axis 31 con- 
35 strained to a single plane as it rotates about the imaged 
object 51 indicated generally by arrow 72. At the con- 
clusion of 360 degrees of rotation the object is moved 
along the z-axis by movement of the table 12 until the 
next slice is aligned with the beam axis 31 . 
40 In an alternative acquisition method, termed "helical 
scanning", the projection axis follows a helical path 
through the Imaged object 51 in which the table 12 is 
incremented by a small amount in z with each change 
in angle q. 

45 In the former slice-by-slice acquisition, a series of 
sinograms 60' is generated, each one identical to that 
described with respect to Fig. 3 and typically encom- 
passing 360 degrees of gantry motion. Different slices 
70 provide z-axis information about the imaged object 
so 51 as reflected in a sequence of sinogram 60' each of 
which has a different but constant z value. 

In contrast, the helical acquisition produces a sino- 
gram 60" in which each row of the sinogram 60*' repre- 
sents a different increment in both q and in Z. 
55 In the exarriple shown in Fig. 4, a high attenuation 
inclusion 54 is contained in a low attenuation material 
52 but extending only through the first two slices 70. 
Hence, in Fig. 5, only the first two sinograms 60' show 



EP 0 812 605 A2 



8 



attenuation sine curves 62 from the inclusion 54. Like- 
wise, in the helically acquired sinogram 60" of Fig. 6 only 
the first 720 degrees of the sinogram 60" show an at- 
tenuation sign curve 62. 

Referring nowto Fig. 7, an imaged object 51 ' having s 
a circular cross section of a uniform low attenuation ma- 
terial 52 with c\\c\s\Q.x inclusions 54 of high attenuating 
material at a 1 2 o'clock and 3 o'clock position termed A 
and B respectively is scanned to produce a sinogram 
60. When the center of rotation 64 is centered within the 'io 
circular region of the imaged object 51 each of bodies 
A and B trace out a single cycle of a sign curve 62 having 
an amplitude 80 and a phase difference relative to each 
other of 90 degrees (i.e.. body A traces a sine function 
of q and body BVaces the negative of the cosine func- /5 
tion of the angle q). 

Referring noW to Fig. 8, if the center of rotation 64 
Is shifted leftward within the imaged object 51' so as to 
remain on the same level as body B but to move left of 
vertical alignment with body A, the sinusoidal paths A 20 
and B shift to sinusoidal paths A and 8' where sin usoidal 
path B' has the same phase as sinusoidal path B but a 
greateramplitude, and sinusoidal path A' increases both 
in amplitude and advances in phase with respect to path 
A. 

Referring to Fig. 9, in contrast a shift of slice 50' up- 
ward produces a different change in paths A and B. In 
particular the new path- A" is the same in phase as path 
A but increases in amplitude whereas path B" increases 
somewhat in amplitude but also drop back in phase with 
respect to path B. 

Accordingly it can be seen that If a treatment plan 
were prepared according to an image reconstructed 
from the sinogram of Fig. 7, a subsequent shifting of the 
patient per Figs. 8 and 9 could be readily detected by a 
comparison of the sinograms 60 with 60' or 60" without 
the generation of a reconstructed image, the latter being 
a time-consuming and computationally intensive task. 

Referring now to Fig. 10^ a first step in the present 
invention obtains a tomographic projection set 1 00 com- 
prised of a series of sinograms of a* volume of interest 
of a patient 102. The sinograms form a planning tomo- 
graphic projection set which may be reconstructed into 
an image and used to define a second sinogram (not 
shown) describing a radiation treatment plan. for a pa- 45 
tjent positioned in the same manner as that providing 
the sinogram 100. 

At a later period, when radiation therapy is to begin, 
the patient 102. as shown in Fig. 11, may have shifted 
arbitrarily with respect to the position of the patient at so 
the time of the planning tomographic projection set 1 00. 
At this later time a confirmation projection set 104 is ob- 
tained. 

Although the confirmation projection set 104 is of 
the same patient 102, because of the shifting of the pa- 55 
tient 102 with respect to the table top 14, the sinogram 
of the confirmation projection set 104 looks different. 

Referring also to Fig. 12, at process block 120. the 
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sinograms .100 and 104 are correlated with respect to 
the 2-axis. In the case of the sinograms of Fig. 10 and 
11. which as shown are helically obtained, the z-axis is 
simply the column dimension and the correlation is per- 
formed by summing all the values of the sinogram along 
each row and then correlating the single column totals 
for sinogram 100 with the single column totals of sino- 
gram 104. The summing of the sinogram along the row 
simplifies the calculation and also tends to eliminate the 
effect of lateral displacement of the patient in this first 
step. For a slice-by-slice acquisition, a selected row of 
each sinogram of constant z may be summed and the 
correlation may be between corresponding rows of sin- 
ograms for different z values. \ 

In either case, the point of highest correlation of the 
two sinograms establishes a z-axis displacement of the 
patient 102 between the time of the planning tomo- 
graphic projection set of sinogram 100 and the projec- 
tions of the confirmation projection set 104. The start of 
the sinogram 104 corresponding to the start of the sin- 
ogram 100 is indicated by arrow 1 22. The difference be- 
tween arrow 1 22 and the top of sinogram 1 00 represents 
a z-axis displacement of the patient and is recorded for 
future use. 

At process block 124, projections in the sinogram 
100 in the AP (q=:0 degrees and q=180 degrees) and 
lateral directions (qrr90 degrees and q=270 degrees) 
are identified and the corresponding AP and lateral pro- 
jections in the sinogram 104 closest to those in sinogram 
100 are also identified, each being a row in the sino- 
grams 1 00 and 1 04. The angles of these projections are 
with respect to the radiation therapy machine 1 0 and are 
readily determined by the location of the data within the 
sinogram. The identified projections within sinogram 
' 1 04 will typically not have any fixed relationship with re- 
spect to the start 122 of the sinogram 104. 

At process block 1 26 the projections at these angles 
in the confirmation projection set 104 are correlated to 
the corresponding projections at the same angles for 
planning tomographic projection set 100. The maximum 
correlation value corresponds to a displacement of the 
patient 102 along an axis perpendicular to the particular 
projection axis. Thus, the maximum correlation value for 
the projections at q=0 degrees between planning tom- . 
ographic projection set 100 and confirmation projection 
set 104 indicates a lateral shifting of the patient either 
left or right along the x-axis. 

If the peak value of the correlation is in the center 
of the particular row of the sinograms 100 and 104 then 
there has been no shifting. If it is to the left, there has 
been a shifting left and if it is to the right of center, there 
has been a shifting right. 

Similarly, a vertical shifting (along the y axis) of the 
patient may be detected by a correlation of the projec- 
tions at angles q=:90 or at q=270 degrees. " 

In the case of slice-by -slice scanning, the projec- 
tions for opposing gantry angles for a given sinogram 
100 or 102, for example q=0 degrees and q=180 de- 
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grees may be averaged before correlation with the pro- 
jections of the other sinogram. For helical scanning, 
where the increase in q corresponds to the increase in 
z-axis displacement, the opposing projections may be 
treated separately to provide different x and y offset val- 
ues of the patient for different values of z-axis displace- 
ment Such variation in x and y displacement as a func- 
tion of z may occur If the patient is not aligned along the 
table top 14. 

It will be understood to one of ordinary skill in the 
art that similar correlations may be made every 90 de- 
grees throughout the sinograms 100 and 102 to produce 
a variety of offsets, and further, that the offsets may be 
\ compared to each other to detect other types of move- 
ment of the patient including rotations of the patient 
' about arbitrary centers of rotation. Thus, for example, if 
early rows of the sinograms indicate a downward dis- 
placement of the patient which progressively decreases 
in magnitude until it becomes a positive displacement, 
a rotation within a vertical plane may be inferred. Refer- 
ring again to Fig. 12, the offsets calculated at process 
blocks 1 20 and 126 may be used to adjust the radiation 
treatment as indicated by process block 1 30. In the sim- 
plest adjustment, the position of the patient is moved to 
compensate for the detected offsets. This may be done 
by an adjustment of the table along the x or y or z-axis 
in an amount indicated by the above displacements. 

Alternatively the radiation treatment plan may be 
adjusted to compensate for motion of the patient. Given 
that the radiation treatment plan is in the form of a sin- 
ogram, this adjustment simply requires a shifting of the 
sinogram in direct proportion to the measured offsets: z 
offset shifts each row of the sinogram by one or more 
rows X and y offsets require shifting rows of the sino- 
gram by one or more columns depending on the angle 
q of that row and the x or y offset. Generally the number 
of columns shifted will be the x displacement times the 
sine of q plus the y displacement times the cosine of q. 

Once it is recognized that the raw projection data of 
the projection sinograms may be used to detect the reg- 
istration and proper alignment of the patient, it will be 
understood to those of ordinary skill in the art that other 
methods of comparing sinograms 100 and 104 may be 
used including, for example, those which average re- 
gions of the sinogram prior to or after correlation, or 
more sophisticated statistical averaging tools such as 
.those which would recognize phase shifts. or amplitude 
shifts described with respect to Figs. 7 through 9. 

The above description has been that of a preferred 
embodiment of the present invention. It will occur to 
those that practice the art that many modifications may 
be made without departing from the spirit and scope of 
the invention. For example, the confirmation projection 
set clearly need not be a tomographic projection set (i. 
e capable of being reconstructed into a tomographic 
image) but may be selected projections at angles of in- 
terest Also, the planning tomographic projection set 
may be acquired on a separate CT machine from the 
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radiation therapy machine. The confirmation projection 
set may also be obtained on a separate single purpose 
CT machine and the patient positioned on the radiation 
therapy machine by means of a removable patient sup- 
port attached to the patient. 

The technique of directly comparing projection data 
between CT projections sets also offers a practical way 
to match an earlier CT image with a later CT image of 
a patient for purposes other than radiation therapy By 
matching two images taken at different times, trends 
such as weight loss caused by treatment or tumor 
shrinkage may be better analyzed. Histogrammatic or 
other analyses techniques applied to the matched or 
aligned images may be used to quantify such trends. It 
must be noted that the two images need not be from CT 
machines but that this technique can be generally ap- 
plied to matching Images from different projection Imag- 
ing modalities. 

Finally at times it may be desirable to match the pro- 
jection sets taken from different patients or from a pa- 
tient and a standard patient model for comparison or re- 
search purposes. 

In order to apprise the public of the various embod- 
iments that may fall within the scope of the invention, 
the following claims are made. 
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Claims 

1 . A radiation therapy machine comprising means for 
producing at least one radiation beam having a con- 
trollable orientation with respect to a patient; 

control means for controlling the level of radia- 
tion and orientation of the beam: 
means for obtaining a planning tomographic 
projection set of a treatment volume within the 
patient being treated by the machine with the 
patient located in a first position, the tomo- 
graphic projection set including a first plurality 
of radiographic projections through the patient; 
an electronic computer adapted to receive the 
planning tomographic projection set and oper- 
ating according to a stored programme to pro- 
duce a radiation treatment plan describing at 
least one orientation of the radiation beam, 
based on the first planning tomographic projec- 
tion set; 

means for obtaining a second confirmation pro- 
jection set of the treatment volume within the 
patient, when the patient is located in a second 
position, the confirmation projection set Includ- 
ing a second plurality of radiographic projec- 
tions through the patient; 
said electronic computer being adapted also to 
receive the confirmation projection set and in- 
cluding means to operate according to a stored 
programme to compare the second plurality of 
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radiographic projections with corresponding ta sn^r^H ^i..^^ * .. 

projections of the first radiographic projection tt Se^^ ' ^'^^^^^ 

set, to determine what was the movement of the 
patient between the first position and the sec- 
ond position: and means to provide a signal to s 
the control means to change the treatment of 
the patient according to the movement deter- 
mined by the electronic computer 

A machine according to claim 1 , wherein said signal io 
modifies the orientation of the radiation beam of the 
radiation treatment plan based on the movement 

determined by the electronic computer ^' . 

»■ ■ ■ t ■ 

A machine according to clainn 1 or 2. wherein the is 

means for obtaining the planning tomographic pro- ^ • 

jection set and the confirmation projection set each 

take at least one projection along an axis at a single 
predetermined orientation and wherein the elec- 
tronic computer correlates the projections tal<en at so 
the single predetermined orientation with each oth- 
er to determine the movement of the patient be- 
tween the first and second positions along an axis 

perpendicular to the axis of the projections \ 



4. 



25 



s. 



A machine according to claim 1, 2 or 3, and includ- 
ing a patient table to support the patient in a hori- 
zontal position and wherein the axis of the projec- 
tion at the single predetermined orientation is an an- 
terior-posterior axis or a lateral axis through a lypi- 3o 
cal patient on the patient table. 

A machine according to claim 4, wherein the com- 
puter determines a lateral displacement when the 
axis of projections is the anterior-posterior projec- 3S 
tion through the typical patient on the patient table 
and an anterior-posterior displacement when the 
axis of projections is the lateral projection through 
the typical patient on the patient table 

6. A machine according to any preceding claim 
wherein the means for obtaining the tomographic 
projection set comprise means for helically scan- 
ning the patient and wherein the projections are tak- 
en sequentially to follow a helix about the patient. 4S. 

7. A machine according to any one of claims 1 to 4 
wherein the means for obtaining the tomographic 
projection set comprise means for a slice-by-slice 

scanning of the patient and wherein the projections so ' 
are taken sequentially to follow multiple parallel cir- 
cular orbits about the patient. 

8. A machine .according to any preceding claim 
wherein the means for obtaining the planning torn- ss 
ographic projection set and the confirmation projec- 
tion set each include means for obtaining a first 
second, and third planning projections including da- 
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